Hypothesis: Transmural invasion of the trachea by welldifferentiated thyroid carcinomas is a locally advanced disease condition. It frequently causes deaths owing to airway obstruction. We hypothesized that resection of the invaded trachea followed by primary anastomosis provides the opportunity for cure.
Results: Seven patients are alive. Of these patients, 5 had no evidence of disease; (3 had no evidence of cancer for more than 10 years' follow-up), 2 had regional lymph node metastasis, and 1 had lung metastases. The remaining patient had anastomotic site recurrence with airway obstruction and needed tracheostomy to relieve stridor. She was lost to follow-up 39 months after undergoing the initial operation.
Conclusions:
Patients with mucosal invasion of the trachea by well-differentiated thyroid carcinomas should be treated by surgical resection followed by primary reconstruction when technically feasible. This facilitates postoperative care, and it is possible to achieve long-term survival with improvement of the quality of life and possible cures.
Arch Surg. 2000; 135:704-707 P ATIENTS WITH well-differentiated thyroid carcinomas (WDTCs) may, on occasion, be initially seen with hemoptysis or dyspnea caused by airway obstruction. More commonly, tracheal invasion is identified by bronchoscopy or by the surgeon at the time of thyroidectomy. Fifty-eight percent or more of the deaths in the late stages of thyroid cancers are caused by asphyxia or lung metastases with secondary infection.
1,2 The usual treatment of carcinoma invading the trachea is by "shaving" the tumor off the trachea. The postoperative administration of radioactive iodine or external irradiations is expected to control residual neoplasm. 3 Although this may be initially effective, the neoplasm often recurs. With the improvement of tracheal surgical techniques, invasive carcinoma can be resected followed by immediate reconstruction of the trachea. 4 This is a retrospective study of 8 patients with WDTCs invading the trachea whose primary treatment was surgical resection and primary anastomosis.
RESULTS
No major postoperative complications occurred in the 8 patients except for 1 case of a leak at the anastomotic site that was treated conservatively. Five patients are without evidence of disease after follow-up ranging from 14 to 183 months, with a mean of 91 months (Table) . The serum levels of human thyroglobulin in these patients were all below 30 ng/mL and their annual follow-up 131 I whole body scan was free of any abnormality.
Of the 3 remaining patients, one patient (case 6) had a recurrence in a re- Taiwan. gional lymph node in the neck 56 months later. The lymph node was removed and 3700 MBq of 131 I treatment was given. She was still alive at the time of her last follow-up visit 71 months after anastomosis. A second patient (case 7) developed pulmonary metastases 3 months later and was given 4810 MBq of 131 I. Thirty-five months later a metastasis in a regional lymph node was found and an additional dose of 4810 MBq 131 I treatment was administered. She was alive 48 months later. A third patient (case 8) developed a recurrence at the anastomotic site with obstruction of the airway 17 months later. She required a tracheostomy. She was lost to follow-up after 39 months.
COMMENT
The prognosis for well-differentiated carcinomas worsens when neoplasm invades the trachea. The cause of death in nearly half of the fatal cases of papillary carcinomas is caused by obstruction of the trachea. 2, 5 In addition, the rate of survival for patients treated by incomplete resection of the involved trachea is much worse than those patients treated by complete resection. [6] [7] [8] For many years only palliative surgery was employed in the treatment of patients with tracheal invasion by thyroid carcinomas. 9 ,10 However, with progress in tracheal surgical techniques, resection of portions of the trachea with primary anastomosis is feasible. This is becoming the treatment of choice at our and other institutions. 5, 6, [11] [12] [13] [14] One of the difficulties associated with this procedure is to accurately assess preoperatively the extent of neoplasm within the trachea. Ishihara et al 13 recommend endoscopic examination of the trachea, but also stress the difficulty of accurately assessing the extent of invasion by this technique. Nakao et al 11 recommend endoscopy and computed tomography as part of the preoperative evaluation of a patient. They also stress the need to examine the margins of the resected trachea with frozen sections, as proposed by Mathey et al, 4 to lessen the incidence of recurrences at the anastomotic site. In this study, there were no anastomotic recurrences in the 5 patients in whom the tracheal margins were evaluated by frozen sections. In contrast, there was 1 recurrence in 3 patients in whom no frozen section evaluations were done.
The complete resection of the trachea to remove neoplasm that does not invade the mucosa is controversial. 15, 16 Neoplastic involvement of the trachea without mucosal involvement usually has a favorable outcome.
PATIENTS, MATERIALS, AND METHODS
From January 1, 1983, to December 31, 1998, 8 patients with invasion of the trachea by WDTCs were treated by resection of the trachea and immediate anastomosis at the Veterans General Hospital-Taipei, Taipei, Taiwan. The diagnosis was established by preoperative endoscopy or by the surgeon at the time of the thyroidectomy. Four patients were initially seen with life-threatening conditions, manifested by intratracheal bleeding or obstruction of the airway. Two were men and 6 were women, aged from 22 to 78 years. Six of the invasive neoplasms were papillary carcinomas, and 2 were follicular cancers. All of the patients were treated by total thyroidectomy and dissection of the neck as well as segmental resection of the trachea followed by primary reconstruction. Frozen sections were done to ensure that the surgical margins of the trachea were free of neoplasm in 5 cases.
Postoperatively, the patient's neck was kept in a flexed position for 5 to 7 postoperative days by suturing the skin of the chin to the skin of chest. The endotracheal tubes were removed on the third postoperative day. Radioactive sodium iodine I 131 was administered 6 weeks later at a dosage of 3700 MBq and the patient was given suppressive doses of thyroxine, 100 to 150 µg/d. All 8 patients were followed up in the clinics (every 3 months) by physical examination, endoscopy, serum levels of human thyroglobulin, and when indicated, by 131 I whole body scan.
After the thyroid gland was resected, the segment of the trachea invaded by neoplasm was mobilized circumferentially. This was done 1 cm above and below the segment to be resected by sharp dissection and as close to the tracheal wall as possible. The recurrent laryngeal nerves were clearly defined above and below the involved area. The trachea was divided transversly through uninvolved tissue immediately above and below the segment to be resected. The distal trachea was mobilized to facilitate the approximation of the cut ends of the trachea. Stay sutures, 2-0 polyglactin (Vicryl), were placed in the midline anteriorly and also on each side at the junction of the cartilaginous and membranous portions of the trachea, approximately 1 ring away from the divided edge. Following division of the trachea, the nasal endotracheal tube was pulled back into the proximal airway. The distal trachea was intubated with a flexible, cuffed-armored endotracheal tube. The trachea was then divided above the lesion through uninvolved tissue, and stay sutures were placed to display the tracheal margin (Figure,  left) . A frozen section of the tracheal margin was done. The anastomosis was begun by placing a row of interrupted sutures (4-0 polyglactin or polypropylene [Prolene] ) in the posterior portion of the membranous trachea. These sutures were placed at 2-to 3-mm intervals, taking approximately a 3-mm bite of tracheal tissue on each side of the tracheal margin. The sutures were placed by beginning posteriorly in the middle of the membranous trachea and progressing around each side to the anterior portion. The endotracheal tube was removed. The nasotracheal tube was pushed downward past the anastomotic site.
The ends of the trachea were approximated and the 2-0 polyglactin stay sutures were tied. The 4-0 sutures were tied with the knots located exteriorly, beginning in the midline anteriorly and working to the back on both sides (Figure, right) . The wound was closed with a drain as usual. Finally, a strong suture was placed between the skin of the chin and the skin of the anterior chest to maintain flexion of the neck for 5 to 7 postoperative days.
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However, a larger area of mucosal invasion may limit the feasibility of partial tracheal resection because it may lead to kinking or stenosis of the trachea after repair. In our experience, resection of the trachea followed by endto-end anastomosis is safe and effective and is the preferred method of treatment. The unpredictable results associated with "shaving" followed by treatment with radioactive iodine lead us to favor resection and primary anastomosis. The contraindications include extensive involvement of the trachea, such that 6 or more tracheal rings need to be resected, or simultaneous invasion of the esophagus. One of the major advantages of tracheal resection is the immediate and effective relief of intratracheal bleeding and the symptoms of obstruction. The subsequent care of the patients is also significantly facilitated. In addition, 3 of 7 patients have survived for more than 10 years without evidence of recurrent disease.
Therefore, it is our opinion that the possibility of resection of the trachea with primary anastomosis should be considered when there are signs and symptoms that suggest the presence of tracheal mucosal invasion in patients with WDTCs. Bronchoscopy and computed tomography should be done preoperatively in such patients. If unexpected invasion of the trachea is found at the time of thyroidectomy for treatment of a WDTC, intraoperative bronchoscopy through the endotracheal tube is helpful. If technically feasible, resection of the trachea with end-to-end anastomosis should be done. This procedure may result in long-term survival and possible cures. 
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